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Abstract

The space qualification has to be conducted by a high level of screening to ensure the design margin of
devices, materials, manufacturing processes, units, modules, and subsystem or system. The space qualification
according to traditional test standards proposed by US military, NASA and ESA involve high cost and tight
schedule due to their conservative requirements. It is necessary to develop a space qualification guideline that
is cost-efficient and schedule-optimized for the development of domestic satellites. In this study, as a basic
research to develop the space qualification guideline, the articles related to space qualification in test
standards document released from military and space agency have been investigated. We are planning to
utilize the results as a basic database for establishing the independent tailored space qualification guideline.
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Table 1 Space Qualification in the Development Model, Test and Concept Validation
STM(Structural and Thermal Model)
VM EM(Engineering Model) FM
(Validation Model) EQM(Engineering Qualification Model) (Flight Model)
QM(Qualification Model)
Functional Test & . .
Development Tests ) i Qualification Tests Acceptance Tests
Pre-Qualification
Sy ) ) Performances
Concept Validation Performances Verification/Qualification o
Validation
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HlAF, PIND(particle impact noise detection),
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Production
Control

Final Production
Test

Screening

————— 100% Basis
Test

LAT(Lot Acceptance Test)/

QCT(Quality Conformance Test) -~ Sample - basis

Acceptable

Fig. 1 Test Procedure of EEE Parts

22 ASANFS NE F4 Feo wep xpaske
2389 ¥ LAT/QCI(ot acceptance test/quality
conformance inspection) Al €& X, 7|4 23
g2 A 2E(on)e] EE el dis] Fdu
272F JISAIE sldsts LAT/QCIE AE 7Fo=
FhErt.  FFAAER ol A8 AAHCOTS;
commercial-off-the shelf)& 233t H|EFE 249

ASl® AR 2aed AAE AN A 84

W H|ESE Ak Ao ~38Yd 2 LAT/QCI A8
S 9% WA EAEA &) wiEel] axte] EA
S sgste] AEAES AL Favt otk S Fig.

—

e e axe] AYEAE nelEh

A sdotgt SFa76 Ay 9la) AFEe] EAL W
Zel7) 9@ o FAel U@ Azo] WA Wl
.

Els
uz(crimping) 2o ~AHo]
Fst7] YA E e g2

(staking), T8 &)=

a7o] Bastt,

% X 2 M ~(qualified processes)
%] FFAM(workmanship standard)
A 15(

personnel certification)

T FAF AZEGel tiEd A s
AAY A BFAE AZ 2E5A g Zlo] d4
ojth, MAFES] A H xHd g AR JIFe
ESA7} A%k FRA7| @A WSS o]Fstal 1A
S e o glov, Fo VAFAHA U wse
NASAW ESAClA 7iwtabA] @i dvh 259 49
A ZEAR glel Fdske AlFHARl FEAR
(coupon test)= &% AT 2ol A4 AL
A ¢ g7] Wil &g Qs FAol ddst
7] ojglg & ok A 5 dgEAE 97 #7t
A= ZAPare] A= s8S Fusstal, 3l o
& AFEs syl s Be o sy



39

(pathfinder) AZH3 BAAHL S Farst 9o
o, o] 2] AL A7) dHAE FL TH
of e APE ZFAE AN AR A= ALE

3.3 THE(RE) oI5
94 FAFM2) R FAA 2 %
Hake TAE RN $FAFe 4A, A% 2

_]

[}

%g Fol AT LPEAS WEHahA welF7] 9l
244

QA FAE, FEAAE L Axr] AFAPEMC
electro magnetic compatibility) 53 & Agdoz
TFAE ol Ve dsAE dEES EF

T=1 =

Eo A uet 249 5 ek

- aTe Fgel Ulg A e Selsts] 9
#7152 s A3

- FHeotol Ao, 2Ake] iH(de-rating), L9
single point failure)<]
SEE(single event effect)o] w3l &&

97 =& Folste 3 E A

o)
&3} 2

E(drift) E+=

Astel T7ket A% FHAY
- 3tZF(oads), WY T, &, T4, €57, €3l
T, AR 284 2 O, AXe 2 3™
| AA vk E AR E AT A FHEAE
- Fd(firmware), W= LZEo], 1ga1
T8N AZE S Ts W P AF

A EGAIZES Al Ao
| f8 g2 719 Ads
Aol S7FE 4= vk wbd,
s8]
Hom FolE Al Ho] AEA el
gboojell whE H§ ® Agte]l F7EsHAl |r[10]. §
Al wek 94 pEdA ol Hgo] ARG
H TeAEE Afel ool Wid Hdd Hde ol
dosttt " gl g oled 2= ve 2
o

e gug JFoR Bt

zolgw A%
afoF sk, o]

AF A& A

- FxEaRe] B4 73
- 3t=¢ol9] A< (maturity)
- AR A =B/ A B A|~EO] HEE FAdEL o]

A9 A e

- 5, ks, F R VA $Ead 57 ge
Y 2T, 5

3.4 AIABI/MEAIAH 915
Az FEeAe Qe F A were] etk A
WA s AZe oblEAY SHAE Anshs

A%, AFETASTMS Agstel A4 5ol o
@ Qe Bk F owAE AT 129 sEA
g e

A%, MARAZ AL Tt FHPRd
[e)

A 3+

E SR MpAzY FEe
FFAFNGE MBA Tl FA WA AAE
e wEHEA BFeAs) A8 sP@h

AERABA G $F9 AFANGE AN AT
AR, FAND, SFND, ABAE, 977148, 99
IAY, AAFAY, TE Y HEAY 2 g r
Y 5 THB

4. ofl2] AFEFEMS| F2E H|EA

B gAAE A8 % SRR AN AE



40 Fpob

4.1 slle AEEEA 2FT2UF &4

4.1.1 MIL-STD-1540E2| FoI&
MIL-STD-1540E%= 3t=919] e waE Aldx

=5 AAEA ZF FAEEE), ABAI2E G n] A

Al®] FE A Y] FRIFAIE 8 <

T} MIL-STD-1540E°lA 1EAIE 3 2de <l

2AaQM) Y} F=ASEEPQMe] 9l

g mdof = v RLAFEM)O] Utk FAEF FEolA e
R

=
(burst pressure), Z2al A4 3s}F(static load) A1E
To2 FAEY. Wk BTy 2 AT oy A
o] A FEe] B sl JleS AFeeE A A
& Alg2 A5 ST Alge] FY¥drt BE

THE L AP A9F % A% FF BANG &

TS wEEok 1],

4.1.2 MIL-HDBK-340A2| £F9I1&
MIL-HDBK-340A9] sl=9¢oj&= MIL-STD-1540E

o nAAAR FRY, FAFEY ¢ HPRd

Sol ek FAE W AFARL %, DT,
QA WY L £F, 57, A, 49, MR 79,
EMC M@ 5¢ Fasith Azde oig 934388
N, AR AFA, B4, 99, 5%, 4 L e,
A7), 9, 917 59 AP FA AFA
Fol AHGHE SEdols MaAAPAA AgHE 2
B U W, U9 a4, =7, 34 2 A
oAzpe] £E FomVE ALY AFFEE ALw
ololgl5e] FolA Qelm Ae@h SHA Ei
Auazgel AFAY RS 4 b Aups)
AA AF FAEES ALgekel AlZbEofof 3],

st QesrEe HAndd i $FAZAY
A A8 Y. GSFC-STD-7000A« ©A)
BAZY W FHES AFH] A% 1R B

AT ZEIFPI AXF F5o ATl 7134

/\}*O“Qi *0“01 X*ﬂg]r ?5—@@:/\];,
A AE S0l AEfFE 9 XA QTZRALS WA
s} o WA Vs 92 AT, 2 2 VA,
AxE A, 4, oA 2 did(end-to-end) Al
Ao 7t aF2AE AWt Ugo2 FAEY gl
[4].

4.1.4 NASA-STD-7002A2] Fol=
NASA-STD-7002A01 4 BF&= 72052 HAA
stedlojo Had FEAES EIeH, Alge 2

= Ead MBEAAE/HE g
SFHGA/EAA 5 orgih 71AH Algel= <l
A=A, A A ERARCR = = =

I
714 ?lEiﬁﬂoli, A, @l
AE, A AL, AR 4 9 Ader A

5],

4.1.5 ECSS-E-ST-10-03Ce| F21&
ECSS-E-ST-10-03C¢] 715 oA ® QASE
_]

9, FugEd R PR gAY 8TEAS
AN ek QFANFe MYPRD Azl hF
9l Ao QIFmalo] ths) smlojok sm A A

e 54 FPuelor @tk suAdel Bad P9,
JEEWAN T2 AERIL AgHAL AEAYY

upx)gtol] =3)Eojof st} ECSS-E-ST-10-032] +

AE AR Y, AE, AR HEAE, 7
AR Hsts, A9, &% A9, 22 Y, $4)
A, EMC A, @4(de3d/49308) AEda 71e %
B AR 55 I FRAE, FASEAE, A



41

xr
i

N

B
!

_—
o

ol

ol

AZI(ESD)E= JsEdo|Ant =, FH|srdo

A 5q54

ol A Z+7} (MPE + 6dB)

915419

=1]
=

3]
=4

|

2z 3%, MPE + 3 dB&E 2 &, 12|31 MPES} 11

)A
Njo
0
Np
ool

=6l

&

3

2=
T
%

el

3]
=4

|

BEA

R

3]

180 kg7t A& A AA AN o

=1]
=

Aol = GF sl AR ETA ] AlAE

e

o
T
=

=]

A Al ]

=9y

o

o)

tot. SMC-S-0169] #

i<

FH, 180 kgel FFol WA

dHdsAd ez tA 7hs

i<

ool

MIL-STD-1540E¢} =< s}t

=l
Al A

ool

o)
H
0

A
i

S

:F_

)

o
2%

MIL-HDBK-340A¢]

Nlo

—_—

KeIae)
T

1oR

H] YA 2

=
R

(AT £ 6 dB)= 3 &, (AT £ 3

dB)= 2 ¥, 18% MPE %+ (-6~3 dB)Y HAF

A
ool

N

B

ol

ool

=1]
=

2=
T

Al

2]

2 1% sl

)A
pl

Al

gk

Aol o

1o
<

TH

1

1=

gl

Z e el

H=

maximum predicted environment)©]

o itk mEkA 7k Al ES MPEE 7%

=

s, old wel 2 fgviet o

=37 (MPE;

o

]
™

N

Eals

GSFC-STD-7000A2] SgAFA A

e
mF

A=

g}

o

A BA| A

e},

o

# 2 138 dB o]/dololof

B

ojn

A9l A

AR/ AF7)A

=1]
=

!
=0

i
ol
ot

)
xr
i

&
ol
~N
)A

i
K
N
!

=
=
2 &

el 7
of we A

i<

o

-

100 b <]
%

o

R

L

]

i=4

o>
2~H°

(45 kg

=
IEEEEREE R

3 A
Z+7}  (Limit Level + 3 dB)®

v

@o
dA o)A
3ol A
(Limit Level + 3 dB)Z 1 ¥, 28]l Limit Level&

2

TAELE &
Al
Al

[e)

-
>~

-

o]

= @l

AR olF S, F71984 o 7](excitations)

£

=]

T

AEA T3 B Al=E

4.2.1 ZI-SA|g(Vibration Test)
A=

KR
=

= TAEE E ABEAEEA

5873

o

N

e
A

NASA-STD-7002A9] 4%,

A

e Al=w 7Y

9

z=

31 9

S

boh webd Ay T

S

8

)
=

7] el
7] el &7

= =

ar

o))
N
A
ool

o°
ojn

e

2

st

g8 wojo}

4ol

S|
=

&

of el Av, N1E AFIAAA FE

R
wy A4

=13
s

7}

e},

kg

9

7}

2y 7ol A 7F¢-2~(gauss) 3
154188 20~2,000 Hz7HA

Tl

3

=
A

=

=]
=

3719

o

3o
T

A FA

St

)
MIL-STD-1540E¢]

97t Bs



42

Table 2 Random Vibration Test Levels and Duration
of Qual, Proto-Qual and Acceptance
according to Test Standards(Unit & System)

MIL-STD- | MIL-HDBK | GSFC-STD- | ECSS-E-ST-
1540E -340A 7000A 10-03C
Qualificat | Level | AT + 6 dB | AT + 6 dB | AT + 3 dB | AT + 3 dB
ion . . 3 mins. . .
Duration 3 mins. . 2 mins. 2 mins.
Level (*2 mins.)
ProtoQua | Level AT + 3dB | AT + 3 dB| AT + 3 dB| AT + 3 dB
I/Flight
Duration 2 mins. 2 mins. 1 min. 1 min.
Level
Acceptan | Level AT AT AT
ce Level | Duration 1 min. 1 min. 1 min.

* for System

0.1 |

0.01 |

Power Spectral Density (szHz]

1E-3

3 dB/Oct.

Envelope o

—— AT(MPE)
PQT/PFT
QT

f Measured Data

=6 dB/Oct.

10

100 150

8001000

Frequency (Hz)

10000

Fig. 2 Representative Random Vibration Test Frequency
Range and Level for MIL-STD-1540E (Unit)
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FTANDLE AEA R AFATAF ] A W Table 3 Shock Test Levels and Duration of Qual,
AN Ad=3 £ Yris =g uio £E FH Ay Proto-Qual and Acceptance according to Test
7% &gt EAAF S FAER A AElo] H]| Standards(Unit & System)
= AdSAdS53HEMPE)S 2338t $45 ddx MIL-STD-1 | MIL-HDBK | GSFC-STD- | ECSS-E-ST-
540E -340A 7000A 10-03C
Q FA}ERE HEEA] 7| =X S A=67] 6] SEE "
TARE WSAVIEAE A7) dAE Fddn Qualificat| Level | AT + 6 dB | AT + 6 dB | AT + 3 dB | AT + 3 dB
WA MIL-STD-1540E9] /%l g A3 ion . . . . .
Level Duration 3 times 3 times 2 times 2 times
Sz W AR GFE AZAF, FAZAH L QFA
TE R AR SR, EATAR S QT ProtoQua | ouel | AT + 3 dB | AT + 3 dB | AT + 3 dB | AT + 3 dB
o Z}Z (AT £ 6 dB)E 3 3], (AT = 3 dB)=E VFlight ) - - - -
Ll Duration 2 times 2 times 1 time 1 time
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Table 4 Tailoring Program according to Mission Risk Class[12]

Category Class A Class B Class C Class D
. . System test plan required with
— Qualification method ~ Qualification method . ~ No formal qualification
. . customer review
selected is selected is document . testing Safety and
. . . System functional and
documented with with customer review. compatibility testing
proto—qualification tests to
customer approval - General use of . required by the launch
. . . . acceptance levels, to include
- Qualification article proto—qualification testing vehicle provider
o . . acoustic, random vibration, shock,
and levels minimum of flight units versus and/or launch base
. . thermal vacuum, deployment,
use of proto— Qualification articles - Other testing at
Qualifica o . EMI/EMC
. qualification testing = Subsystems and Units . discretion of developer
tion Subsystems functionally stress tested

of flight units

- Subsystems and units
functionally tested to
environments plus
margin at
qualification/proto—qu

alification levels

similar to Class A,
except number of cycles,
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test may be tailored
based on program risk
assessment and

acceptance

with an informal test
to margins exceeding what will be
. . . program usually
experienced during system testing .
) followed. Unit tests at
Component/box testing conducted to . .
o . discretion of developer
meet mission requirements, usually

Limited if any
at acceptance levels
customer or other
Tailoring of Environmental Test . .
) independent review
requirements
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